Mechanism of proline transport in Escherichia coli K12. I. Effect of a membrane potential on the kinetics of 2H+/proline symport in cytoplasmic membrane vesicles.
The stoichiometric coupling mechanism of the membrane potential (delta psi) in the reaction of H+/proline symport was investigated kinetically, using cytoplasmic membrane vesicles of the proline carrier-overproducing strain of Escherichia coli MinS/ pLC4 -45. When a delta psi was imposed across the cytoplasmic membrane by respiration, the Michaelis constant of transport (Kt) was lowered to about 1 microM, which was 2 orders of magnitude smaller than that of passive influx and efflux, and the maximum velocity (Vmax) was concomitantly enhanced as an exponential function of delta psi. Thermodynamically, the carrier translocated proline with a stoichiometry of 2 mol of protons versus 1 mol of substrate when driven by a delta psi at pH 8.0. Data on the delta psi dependence of Vmax of proline transport could be explained quantitatively by the Geck-Heinz hypothesis (Geck, P., and Heinz, E. (1976) Biochim, Biophys. Acta 443, 49-63). A symmetrical model of the 2H+/proline symport via formation of a carrier/H+/substrate (CH+H+S) intermediate is proposed. In this model, the effect of delta psi on the Kt was resolved as stimulation of formation of a transport intermediate, whereas the effect of delta psi on the Vmax was explained by enhancement of translocation of loaded carriers between the two sides of the membrane.